Feeding experiments were conducted with the ambush-feeding copepod Acartia tonsa and the feedingcurrent-generating copepod Temora longicornis. The copepods were offered a mixed diet of the dinoflagellate Heterocapsa triquetra and the ciliate Balanion comatum of similar cell size. The dinoflagellate was offered at a constant concentration of 10-15 cells mL -1 , whereas the ciliate was offered at a variety of concentrations, ranging from 7 to 57 cells mL -1 . Copepods with different feeding modes possess different mechanisms for prey detection, suggesting that the two copepods would respond differently to the two prey types. Both copepods had significantly higher clearance rates on the highly motile ciliate than on the less motile dinoflagellate. In encounters between A. tonsa and its prey, we argue that this is due to the higher hydromechanical signal generated by the ciliate. The advection feeding copepod T. longicornis fed on the two prey according to their relative concentrations; in this case, we suggest that although B. comatum is capable of detecting feedingcurrent-generating predators, the feeding current velocity generated by T. longicornis is greater than the escape velocity of this ciliate.
I N T R O D U C T I O N
Over the last two decades, there has been increasing evidence that some copepod species may selectively feed on ciliates over phytoplankton (Wiadnyana and Rassoulzadegan, 1989) , though these observations have been debated (Fessenden and Cowles, 1994; Atkinson, 1996) . Mechanisms controlling food selectivity in copepods are not yet entirely understood, but some general conclusions have been drawn regarding the importance of prey size (Berggreen et al., 1988; Hansen et al., 1994 Hansen et al., , 1997 , concentration (Frost, 1972) and motility .
Copepods detect their food by means of chemical and/or mechanical cues (Gill and Poulet, 1988) , the relative importance of each mechanism depending on the feeding modes adopted by a given copepod species (Yen et al., 1992; Visser, 2001) . Many calanoid copepods use their cephalic appendages to create an advective feeding current from which food particles are collected. The chemical signal leaking from a potential food particle can be entrained and deformed by the feeding current (Andrews, 1983; Paffenhöfer et al., 1982; Moore et al., 1999) and detected by the copepod's chemoreceptors (Paffenhöfer, 1998) thus prompting remote detection of individual food particles. It has been demonstrated that copepods can perceive cells individually and reroute particles from the sensory area into the capture area of the feeding current (Paffenhöfer and Lewis, 1990) . Because the flow field around a freely sinking, hovering or actively swimming copepod differ, copepods can also be expected to adopt different sensory modes. The relationship between swimming behaviour and chemoreception capability was investigated in a numerical model by Jiang et al. (Jiang et al., 2002) who found that hovering or slow swimming copepods were most likely to benefit from chemical signals as a means to remotely detect prey.
In ambush-feeding mode, copepods detect their prey distantly by the hydromechanical signal generated by the prey . found that prey detection by copepods was dependent on the swimming velocity of the prey; that is, the faster a prey swims, the more hydromechanically conspicuous it is to the copepod. One way for the prey to decrease its encounter with predators is thus to decrease its hydromechanical signal by lowering its swimming speed. This comes at a cost however as it also decreases the prey's ability to search for resources. Alternatively, prey can develop their own remote detection capability enabling them to perform escape jumps prior to encounters with predators. Escape behaviour in protists appears to be rheotactic and has been shown to decrease predation in ciliates by ambush-feeding copepods in the genus Acartia Broglio et al., 2001) and in the feeding current of rotifers and protists (Gilbert, 1994; Jakobsen, 2002 ). However, ambush-feeding copepods generate a lower fluid deformation than do feeding-current-generating copepods, suggesting that the less hydrodynamic conspicuous ambush-feeding mode may allow these predators to feed more successfully on prey with well developed rheotactic sensory abilities and saltatory escape behaviour. Within this context, we use the terms rheotactic to describe detection of fluid deformation that elicits a movement in the organism, and saltatory to describe this movement as a jump-like escape response.
Given the complexity of mechanisms underlying food selectivity in copepods, it can be difficult to identify which prey detection mechanism is employed in a natural situation. In the present study, we only focus on hydromechanical communication among copepods and their prey. We compare the clearance and ingestion rates of two prey types with distinct motilities, offered to the ambush-feeding copepod Acartia tonsa and to the feedingcurrent-generating copepod Temora longicornis. The protist prey, which have distinct swimming and escape behaviours, were the saltatory rheotactic ciliate Balanion comatum and the non-saltatory dinoflagellate Heterocapsa triquetra. The ciliate swims about three times faster than the dinoflagellate, thus increasing its encounters with predators. On the other hand, the ciliate may be better at escaping than the dinoflagellate due to its rheotactic avoidance behaviour. Furthermore, the relative importance of rheotaxis and prey swimming velocity for the outcome of predator-prey interactions will depend on the feeding strategy of the copepod.
Given these general observations, we can test the following two hypotheses. Firstly, we hypothesize that the ambush-feeding copepod A. tonsa feeds more efficiently on the more hydrodynamic conspicuous ciliate B. comatum than on the slow-moving dinoflagellate H. triquetra. Secondly, we hypothesize that the rheotactic ciliate B. comatum can remotely detect and evade the feeding current in the copepod T. longicornis thus displaying lower predation mortality than the alternative prey; the non-saltatory non-rheotactic H. triquetra.
M E T H O D
The ciliate B. comatum and the dinoflagellate H. triquetra were incubated as prey with the copepods A. tonsa and T. longicornis. These prey and predators co-exist naturally in the Kattegat, Denmark. The copepod A. tonsa was obtained from a culture at the Danish Institute of Fisheries Research, Department of Marine and Coastal Ecology, Charlottenlund, Denmark. The copepod T. longicornis was collected from net tows from the northern Øresund, Denmark and routinely maintained for many generations in culture until the experiments were conducted. Both copepod species were maintained under a similar protocol, as in (Støttrup et al., 1986) . Copepods were kept in gently aerated 200-L containers at $17 C. Both copepod species grew well and produced a high number of eggs on a diet of the chryptophyte Rhodomonas salina.
The dinoflagellate H. triquetra and the ciliate B. comatum were isolated from water samples from the marina of Helsingør harbour, Denmark. These prey were maintained in B1 medium (autoclaved seawater with supplemental nutrients) according to Hansen (Hansen, 1989) , at a salinity of 32 and temperature of 15 C. Cultures of B. comatum were fed a diet of R. salina and maintained in 250-mL NUNC tissue flasks until use. Prior to use, all protist stock cultures were continuously fed and kept in exponential growth phase at light levels around 20 mmol photons m -2 s À1 measured with a LI-193 Spherical Quantum (LI-COR Biosciences Lincoln, NE, USA).
The feeding experiments with A. tonsa and T. longicornis were carried out in 600-mL acid-washed polycarbonate flasks in B1-supplemented filtered seawater (FSW). The flasks were slowly rotated on a plankton wheel (0.5 rpm) at a constant low photon flux (2 mmol photons m À2 s À1 ). All experiments were conducted at a temperature of 17 C in a walk-in climate room. Copepod females were allowed to acclimatize in 1 L glass bottles for $15 h on a 1:1 prey cell mixture of H. triquetra and B. comatum cells (total of 24 cells mL À1 ) prior to experiments.
Four sets of experiments were conducted; two with A. tonsa as the predator feeding on a mixture of ciliates and dinoflagellates and two with T. longicornis as predator feeding on a mixture of ciliates and dinoflagellates. Each set of experiments included a treatment of five different concentrations of the ciliate, ranging from 7 to 57 cells mL
À1
, while the concentration of the dinoflagellate was approximately the same (10-15 cells mL
) for all incubations. For each ciliate concentration, the setup was as follows: one bottle with both prey added, used to estimate initial prey concentration; three replicate grazing bottles with both prey and 5 or 10 female copepods added; three replicate prey growth control bottles with only prey added. After the prey (and copepods) were added, each bottle was carefully topped with FSW and sealed with household plastic film to prevent air bubble formation.
In the grazing bottles, R. salina was omitted to decrease the growth rate of the ciliates to that comparable to the dinoflagellates, thus keeping the ratio of the two prey approximately constant. Counts revealed that the concentration of R. salina did not exceed 100 cells mL À1 throughout the experiments. In terms of carbon, this corresponds to about 3 mg C L -1 which is well below the suspension feeding threshold for A. tonsa feeding on small cells at the size of R. salina . Instead, A. tonsa was feeding in a raptorial fashion. In the raptorial feeding mode, A. tonsa does not respond to R. salina , and the presence of R. salina does most likely not have any impact on the experiment. Rhodomonas salina was also omitted in the triplicate controls.
Cell concentrations were estimated at the end of each experiment for grazing and control bottles. 25-mL samples were fixed in acid Lugol's solution to a final concentration of 4% and counted in an inverted microscope. At the end of grazing incubations, the number of live copepods in each grazing bottle was determined (no A. tonsa and only three T. longicornis were recorded dead). Cell dimensions of B. comatum and H. triquetra were estimated in an inverted microscope at Â200 magnification at the beginning and end of the experiments (both control and grazing bottles) on cells fixed in acid Lugol's, (final concentration 4%, N = 60). Clearance and ingestion rates were calculated from the change in protist numbers in the grazing bottles over time compared to parallel controls, according to Frost (Frost, 1972) . In some grazing bottles, the calculated clearance rates were negative for either B. comatum or H. triquetra, suggesting that the copepods in these incubations might have been unhealthy, and these bottles were excluded from further analysis (i.e. for some concentrations only two parallels were considered).
Video recording of protists
In an aquatic environment at a low Reynolds number (Re <10), the hydromechanical signal generated by a self-propelled particle depends on its size and velocity (Visser, 2001) . We video recorded and analysed the swimming behaviours of B. comatum and H. triquetra in order to quantify the magnitude of the hydromechanical signal generated by the motility of each species. Two-dimensional video recordings were taken using a dissecting microscope equipped with a charge coupled device (CCD) camera (Mintron MTV-1802CD, Mintron Enterprise, Taipei, Taiwan) connected to a video recorder (JVC, 25 frames s
À1
) and a 14 00 -Sony monitor. Recordings were carried out at a constant temperature (17 C) in a walk-in climate room. Light levels in the microscope were kept as low as the shutter speed of the CCD camera allowed. Bright field illumination was used in the microscope to minimize the depth of the focal plane to $200 mm. Protists used for video recordings were harvested from stock cultures growing in exponential phase. The videotapes were subsequently digitized and analysed frame-by-frame by an automated system (Labtrack by Bioras DK-3490 Kvistgård, Denmark, http://www.bioras.-com/). Because of the slower swimming velocity in H. triquetra, we used a rate of 15 frames s
. The duration of each analysed swimming trajectory ranged from 2 to 10 s. Filming in 2D underestimates length scales, and swimming velocities are hence conservative estimates. To decrease this error, we considered only the swimming trajectories with durations longer than 2 s, so that trajectories perpendicular to the focal plane were largely eliminated.
A total of 122 swimming trajectories of well-fed B. comatum and 180 swimming trajectories of growing H. triquetra were analysed. Because nutritional status may alter behaviour in protists, both the studied organism were maintained under nutrient replete condition prior to video recordings (Fenchel and Jonsson, 1988) . B. comatum were cultured on a diet of R. salina ad libitum for about 2 weeks. The dinoflagellate H. triquetra was cultured under an irradiance of 20 mmol photons m À2 s
, In order to avoid stagnant growth in the algae culture, we diluted it 30% with fresh seawater added B1 nutrients twice a week. Direct observations of encounters between copepods and prey failed mainly because of their large size differences, prohibiting simultaneous observation of both organisms with our currently available video setup.
Motility of many microorganisms can be characterized by an equivalent diffusion coefficient (D) which describes their dispersal in a manner analogous to molecular diffusion (Berg, 1983) . The equivalent diffusion coefficient (cm 2 s À1 ) was estimated by regression analysis from the root mean square (RMS) net length distance covered (RMS, unit: cm) as a function of time (t; unit: s) using the approach of Kiørboe et al. (Kiørboe et al., 2004) . RMS varies with time according to (Berg, 1983 ). However, it should be noted that equation (1) holds only for long-time scales. At short-time scales, the RMS is linear in time. Thus, plotting RMS versus time would reveal two regions: a linear region with slope equal to the swimming speed of the organism and a power law region (proportional to t 1/2 ) where D can be estimated by regression analysis (Kiørboe et al., 2004) .
Swimming velocity in B. comatum may have changed during incubations in grazing bottles due to absence of the prey R. salina. This was tested by starving a well-fed culture of B. comatum cells. At various time intervals, the ciliates were video recorded and their motility analysed.
Statistical analysis
A t-test for matched pairs was applied to feeding experiment data to test whether the average clearance rates on the two prey differed significantly with respect to the two copepod species (compare Figs. 1 and 2). Since two observations were made from each bottle, i.e. clearance of the ciliate and clearance of the dinoflagellate, these two observations can be considered to constitute a matched pair, allowing for a more sensitive test than for unmatched data. A difference, d, can be derived by subtracting the value of one observation in a matched pair from the other. If the null hypothesis that samples are drawn from populations with equal means is true, we would expect that all values of d to be normally distributed about a mean of zero. t is calculated by dividing the mean of the sample differences by the standard error of d.
The same test was also used to determine whether there was a significant difference in the fraction of each prey type ingested regardless of the fraction of prey offered, i.e. whether one prey was preferred even when it was present in equal or lower concentrations than the other prey. The Pearson product moment correlation coefficient was calculated to test whether a correlation existed between the fraction of prey ingested, and the fraction of prey offered, i.e. whether the prey were simply ingested according to their relative concentrations in the grazing bottles.
R E S U L T S
Average clearance rates for A. tonsa were 27 mL day À1 and 14 mL day À1 on B. comatum and H. triquetra, respectively; whereas average clearance rates for T. longicornis were 37 mL day À1 on B. comatum and 25 mL day À1 on H. triquetra. Clearance rates did not vary significantly with varying food concentration for either of the two copepods.
For T. longicornis, no significant difference was detected in the fraction of prey ingested regardless of the fraction of prey offered (t-test for matched pairs, P < 0.01, Table I ). However, for A. tonsa, the null hypothesis of no difference was rejected, indicating that this copepod preferred B. comatum over H. triquetra even when the ciliate was present in lower concentrations than the dinoflagellate (t-test for matched pairs, P < 0.01, Table I ).
No correlation was detected between the fraction of prey offered and the fraction of prey ingested by A. tonsa (Pearson product moment correlation, r = 0.29, P < 0.01) ( Table I ; Fig. 3A ). Alternately, a significant correlation existed between the fraction of prey offered and the fraction of prey ingested by T. longicornis (r = 0.91, P < 0.01) ( Table I , Fig. 3B ). Apparently, T. longicornis was feeding on the two prey according to their ambient concentrations in the experimental bottles.
Video recording of protists
The swimming trajectories of the two protists differed significantly (Figs. 4, 5 and 6). The autotrophic H. triquetra swam in straight helical trajectories without tumbles, (Fig.  5) while the ciliate B. comatum swam in a much more convoluted helical pattern, typical for most planktonic ciliates (Fig. 4) . Although helical swimming appeared to be the most common swimming mode, we also observed a number of nearly straight swimming trajectories in B. comatum. We estimated the net-to-gross-displacement-ratio (NGDR) ( Fig. 6A and B) , the distance displaced over the total length of the equivalent swimming path (Buskey and Stoecker, 1988) . NGDR is a dimensionless unit that is time-step sensitive, i.e. a NGDR decreases the larger the time step used. We used a time step of 1s, which roughly corresponds to one helical cycle in the ciliate B. comatum. The more convoluted swimming trajectories typical of B. comatum are reflected in a lower NGDR that clusters around 0.4 (Table II) . Conversely, H. triquetra swam in much straighter trajectories relative to B. comatum (Fig. 4 vs. Fig. 5 ), and its NGDR is skewed towards 1. The straight swimming paths observed in some of the B. comatum swimming trajectories resulted in an NGDR higher than 0.7, resulting in a bimodal frequency distribution of NGDR in B. comatum (Fig. 6A) . We also observed that individual cells of B. comatum alternated between high and low NGDR (i.e. straight vs. convoluted) within the same trajectory (arrows on Fig. 4) .
The swimming trajectories were further analysed by plotting the RMS net distance as a function of time (Kiørboe et al., 2004) . Specifically, the net displacements for each trajectory were calculated as a function of time and subsequently averaged for all observed trajectories.
For B. comatum (122 trajectories in all), the initial increase in RMS net distance covered was linear with time (t) with a slope of 323 mm s À1 during the first 0.27 s of Pearson product moment correlation coefficient, r correlation between availability of prey and ingestion 8 0.29 0.91* r, Pearson product moment correlation coefficient, denotes correlation between availability of prey and ingestion. *P < 0.01. observation (Fig. 7) . This slope is equal to the effective swimming speed (compare with V digitized in Table II) . At time scales exceeding 0.27 s, the RMS increased as a power function of time. The power was 0.6 and thus close to half, which would be characteristic of diffusive motility [ Fig. 7 viz the exponent in equation (1)] according to Kiørboe et al. (Kiørboe et al., 2004) . Thus, motility in B comatum can be characterized as diffusive at length scale above 124 mm (calculated as 323 mm s À1 /0.27s see Fig. 7 ). The equivalent diffusion coefficient D found for B. comatum by fitting equation (1) to the data in Fig. 7 is D = 5Â10 À5 cm 2 s À1 . In comparison, most of the analysed tracks in H. triquetra were observed for more than 10 s without seeing any tumbles. In this case, RMS versus time remained linear and did not exhibit a power function relationship expected for diffusive motility. Thus, we failed to estimate equivalent diffusive coefficient on H. triquetra at the observational time scale used in our analysis (data not shown). The motility of H. triquetra may well be diffusive at time scales longer than that used here, but such long scales are not likely to be relevant in terms of copepods detection of prey.
Acartia tonsa

Relative concentration of
The absolute swimming velocity (V digitized ) of H. triquetra was 4 times lower than that of B. comatum (Table II) . No differences in swimming velocities were detected in B. comatum after 20 h of food depletion (Fig. 8) . In the time interval between 20 and 28 h, swimming velocity decreased by about 17% [one-way analysis of variance (ANOVA), followed by multiple comparisons of treatment using a Turkey test (P = <0.001)].
Observation in a two-dimensional plane underestimates the true swimming speed of organisms moving in a three-dimensional plane such as a helical swimming trajectory. The true swimming velocity (v helix ) of a particle moving in a helical plane can be corrected for the error induced by the two-dimensional projection if it is assumed that velocity, helix amplitude and frequency are constant: (Svensen and Kiørboe, 2000) where v x is the net swimming velocity (unit: distance time
À1
) along the axis of the helix, v helix is speed of the organism through the water, and f is the frequency of helical orbits with amplitude A.
A total of 15 swimming trajectories of B. comatum and H. triquetra were analysed in further detail to account for the underestimation due to the two-dimensional projection (Table II) . The dinoflagellate H. triquetra swam in nearly straight paths; therefore, the error introduced from projection onto a two-dimensional plane is much less than in the case of B. comatum. Because the ciliate B. comatum swims in a pronounced helical pattern (Fig. 4) , the along axis speed (v x ) of the ciliate was a factor of around three lower than its speed through the water (v helix ).
D I S C U S S I O N
Clearance by A. tonsa and T. longicornis was relatively constant on B. comatum and H. triquetra over the range of ciliate concentrations offered (Figs. 1A and 2A) . Such constant clearance rates are typical in copepods feeding at their maximal clearance rates in food limited environments (Frost, 1972 ) with maximal clearance rates on similar-sized particles close to our findings with A. tonsa (Berggreen et al., 1988) .
There was a significant difference between clearance rates on the saltatory ciliate B. comatum and the autotrophic dinoflagellate H. triquetra by both A. tonsa and T. longicornis. We hypothesized that the rheotactic ciliate B. comatum would be grazed at rates lower than those of the similar-sized dinoflagellate H. triquetra by T. longicornis. However, contrary to this expectation, the highest Net-to-gross-displacement-ratio (NGDR) is dimensionless and estimated over 1 s; V digitized , two-dimensional swimming velocity; V x , tangential swimming velocity.
Values are based on swimming trajectories obtained from the LabTrack digitizing of video recordings. The column high/low indicates the range of observed swimming velocities in the studied protists. All values are mean values AE SD. V helix , is the true three dimensional. The latter are values corrected for two-dimensional underestimation using equation (3) clearance rates by T. longicornis were on the highly motile ciliate. Statistical analysis indicated that A. tonsa selected B. comatum over H. triquetra independent of their relative concentrations whereas T. longicornis fed on these two prey species according to their relative concentrations (Table I and Fig. 3A and B) . The underlying mechanisms for this selection are of particular interest and must be found in the different feeding strategies employed by the two copepod species.
Ambush-feeding mode
At low to moderate food concentrations or in the presence of relatively large, motile prey such as ciliates, A. tonsa does not generate a feeding current, but sinks slowly through the water column without moving its feeding appendages. The animal periodically repositions itself with small darting movements . When an individual prey is detected, the copepod rapidly reorients its body and attempts to capture the prey. A. tonsa is able to distantly detect motile prey , and the clearance rates by copepods of motile prey are considered to depend on the reaction distance of the predator relative to the prey. In the case of raptorial copepods such as A. tonsa, it is the size and swimming velocity of the prey that determine the reaction distance R ( . For an ambush predator, feeding on a helical swimming prey, the clearance rate C is given by: Evans, 1989) where v x is the along axis swimming speed, and the amplitude of the helix is assumed to be less than the reaction distance. At low Reynolds numbers (Re < 10), the reaction distance (R) of an ambush-feeding copepod relative to a swimming prey can be quantified using a dipole model proposed by Svenssen and Kiørboe (Svensen and Kiørboe, 2000) and modified by Visser (Visser, 2001) . The model suggests that a self-propelled sphere exerting drag and thrust on the fluid is better described as a force dipole than a Stokes creeping flow model, which describes a sphere moving under a body force such as gravity.
Copepod sensitivity to fluid motion varies with the developmental stage and size of the copepod Titelman, 2001) . Neurophysiological measurements and direct estimates suggest that the threshold fluid velocity difference (u*) required to initiate a behavioural response falls between 20 mm s À1 in the copepods Labidocera madurae and 40 mm s À1 in the copepod Oithona similis (Yen et al., 1992; Svensen and Kiørboe, 2000) . Hence, the maximum reaction distance at which an ambush-feeding copepod can react to a moving prey can be calculated as (Visser, 2001) :
where c denotes the radius of the prey. Note that the hydromechanical signal is related to V helix , the actual speed of the organism through the water. Assuming that the threshold fluid velocity sensitivity (u*) of A. tonsa is similar to that of O. similis, the dipole model suggests that the hydromechanical signal generated by the highly motile B. comatum relative to that of the less motile H. triquetra increases the potential reaction distance (R) of A. tonsa. That is, R = 74 mm for normal swimming B. comatum and 30 mm for H. triquetra swimming. Thus, R is larger by a factor of 2.3 for B. comatum compared to H. triquetra. In terms of clearance rate, this would predict 12 times higher clearance on B. comatum compared to H. triquetra. This can be compared to observed clearance rate ratios (3 AE 2, Fig. 1A ) and suggests B. comatum is successful in detecting and escaping A. tonsa attacks in $75% of encounter events. It should be noted that despite their escape abilities, B. comatum is more susceptible to predation by A. tonsa due to their hydromechanical conspicuousness. Clearance rates may be computed from diffusivity of the prey rather than from swimming velocity, which has been suggested for A. clausi feeding on Strobilidium spiralis and Metacylis sp. (Broglio et al., 2001) . However, the reaction distance of A. tonsa feeding on B. comatum is only 74 mm and the RMS plot (Fig. 7) suggests that B. comatum swimming can be assumed to be linear at length scales below 124 mm. Hence, the length scale at which the prey was swimming in straight trajectories exceeds that of the reaction distance. The higher clearance rates by A. tonsa on B. comatum in the present study compared to those observed by Jakobsen (Jakobsen, 2001) could be explained by the presence of R. salina in the latter study. When small-sized phytoplankton is present above a certain concentration, A. tonsa will most likely alternate between feeding-current-generating and ambush-feeding modes Kiør-boe et al., 1996) . The feeding current will create a fluid disturbance detectable by B. comatum, which will warn the ciliate of a potential predator earlier than for the ambushfeeding mode. In ambush-feeding mode, the copepod sinks slowly while scanning the environment for prey. Copepods sinking through the water column generate a fluid disturbance that may be detected by a saltatory protist. The maximal deformation rate (D max ; unit: s À1 ) generated by sinking A. tonsa can be calculated from the copepod radius (c; unit: cm) and sinking velocity (U; unit: cm s
À1
) as: D max = 0.375ÂU/c . Thus, the maximal deformation rate generated by sinking A. tonsa can be compiled from values in Jonsson and Tiselius and Tiselius and Jonsson (Tiselius and Jonsson, 1990 ) yielding a maximal deformation rate on 1.9 s À1 which is lower than the critical threshold deformation rate on 2.4 s À1 necessary to elicit an escape in B. comatum (Jakobsen, 2002) . Similar threshold deformation for escape are found in other protist sensitivities, suggesting that a sinking copepods hydrodynamical undetectable for rheotactic protists (Jakobsen, 2001 (Jakobsen, , 2002 ).
Feeding-current-generating mode
Feeding by the copepod T. longicornis represents a different predator-prey scenario than that of A. tonsa. T. longicornis generates a feeding current from which food particles are collected, and it spends nearly 100% of its time slowly cruising or hanging stationary while moving its feeding appendages van Duren and Videler, 1995) . The feeding current flow field of T. longicornis is strong and wide, and fluid motion peaks at the tip of the feeding appendages . Feeding T. longicornis showed no response to Strobilidium sp. that were performing escape jumps, nor to those Strobilidium that came into direct physical contact with the copepod (Jakobsen, 2002) , strengthening the argument that this copepod does not detect prey from the hydrodynamic signals they produce. Compared to the raptorial A. tonsa, this copepod generates a strong hydrodynamic signal while feeding. The feeding current generated in copepods such as T. longicornis increases the fluid deformation around the anterior region of the animal, with fluid deformation rates up to 10.2 s À1 and can provide early warning to saltatory protists (Jakobsen, 2002) . However, success of an escape jump ultimately depends on the speed of the feeding current at the point of detection compared to the escape jump speed.
Maximal feeding currents in T. longicornis have been reported to vary between 3 and 8 mm s À1 . At a certain point, the fluid deformation in the feeding current exceeds the critical deformation (D*) of 2.4 s À1 , which elicits evasive behaviour in B. comatum. When this happens, the ciliate immediately changes its swimming trajectory and performs an escape jump by increasing its swimming velocity to 2.3 mm s À1 (Jakobsen, 2001 ). Thus, it is necessary to determine whether the escape velocity of entrained B. comatum is sufficient to overcome the feeding current velocity of T. longicornis. The critical threshold deformation rate (D*) at which a hydromechanically sensitive organism responds with an escape behaviour can be estimated from the derivative of the spherical pump model. The spherical pump model assumes that fluid is pumped through a fixed spherical region of space at a uniform rate and is based on creeping fluid moving around a moving sphere [Stokes law cf. . For an advective feeding copepod such as T. longicornis, the continuous beating appendages pump water over the copepods mouth, mimicking the spherical pump model . Thus:
The critical reaction distance (R*) to the centre of the spherical pump can be found by solving equation (5) 
With a pump radius of 0.03 cm i.e. the length of the beating mouth parts for T. longicornis and a maximal feeding current velocity between 3 mm s À1 and 8 mm s À1 , the critical deformation rate for escape is found at feeding current velocities between 1.9 mm s À1 and 8.3 mm s
À1
. This suggests that the feeding current velocity of T. longicornis may exceed the avoidance velocity of entrained B. comatum. In this study, we used only T. longicornis females, which have higher feeding current velocities than males, copepodites and nauplii. If a natural population of T. longicornis had been used, a higher proportion of B. comatum would most likely have escaped more efficiently. Other saltatory ciliates Gilbert, 1994; Broglio et al., 2001; Jakobsen, 2001 ) and flagellates (Jakobsen, 2002) may have similar critical deformation rate threshold sensitivities but may have escape speeds much higher than 8.3 mm s À1 computed in the feeding current of T. longicornis. Such higher escape velocities will certainly allow a prey organism to escape the feeding current of a copepod, but the strong hydromechanical signal generated during escape may increase the risk of detection by other hydromechanically sensitive copepods (Tiselius et al., 1997) .
Final comments
In this study, we demonstrate that feeding of the raptorial copepod A. tonsa on small motile prey depends largely on prey-generated hydromechanical disturbance and copepod sinking velocity. The motility of the ciliate B. comatum can be characterized as a diffusive process at scales longer than 124 mm, but since the reaction distance of the copepod in this case was only 74 mm, diffusion probably plays a minor role as swimming at this smaller scale is characterized as straight. The reaction distance of A. tonsa to the slow dinoflagellate H. triquetra is much lower, explaining why this dinoflagellate was cleared at lower rates than the ciliate. In fact, the selective feeding on the ciliate displayed by A. tonsa suggests that the hydrodynamic signal generated by motility of the dinoflagellate is below the fluid velocity detection threshold of A. tonsa. Our data also demonstrates that the escape swimming velocity of B. comatum is too low to overcome the feeding current velocity in T. longicornis. Finally, the fast swimming ciliate B. comatum suffers from a high encounter rate with raptorial predators that it can only partially compensate for its welldeveloped rheotactic escape ability.
Overall, our data suggest that swimming velocity of the prey and hydromechanical sensitivity and feeding current velocity of the copepod predator are the governing parameters in encounters between protists and copepods, regardless of feeding mode. While this study has focused on two small protists, their perceptive abilities and escape strategies in relation to feeding modes of their predators, similar mechanisms are likely to be found in whole range of plankton trophic interactions, such as copepods feeding on nauplii, mysids and fish feeding on copepods Rautio, 1998, 1998; Titelman and Kiørboe, 2003) .
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